Objectives To investigate the sensitivity and specificity of a temporal artery biopsy (TAB) in the diagnosis of giant cell arteritis (GCA) in a single-center retrospective cohort in Japan. Methods A retrospective chart review was performed on consecutive patients who visited our hospital between April 2009 and October 2018 and underwent a TAB. The sensitivity and specificity were calculated for the three pathological standards for a TAB, predetermined according to the pathological criterion of the 1990 American College of Rheumatology (ACR) criteria: A) vasculitis characterized by predominant mononuclear cell infiltration; B) vasculitis with granulomatous inflammation; and C) vasculitis with multinucleated giant cells. We also analyzed the clinical parameters predicting the diagnosis of GCA and the impact of a diagnostic delay of ! 3 months on cardiovascular complications of GCA. Results Our study population was 16 cases in the GCA group and 13 in the non-GCA group. The sensitivity and specificity for Standard A of a TAB were 81% and 85%, respectively, while those for stricter Standards B or C were identical, at 75% and 100%, respectively. These pathological standards, but not any other parameters, significantly predicted the diagnosis. A diagnostic delay tended to cause cardiovascular complications (p=0.057). Conclusion The sensitivity and specificity of the pathological standards of a TAB were favorable in our cohort and were the only predictors for the diagnosis of GCA. Considering the possible impact of a diagnostic delay on cardiovascular complications, the early recognition and prompt initiation of glucocorticoid therapy is needed, even in Japan, where GCA is uncommon.
Introduction
A temporal artery biopsy (TAB) has remained the gold standard for the diagnosis of giant cell arteritis (GCA). A British guideline suggested that a TAB should be considered whenever a diagnosis of GCA is suspected and also noted that a biopsy should not delay the prompt initiation of highdose glucocorticoid therapy (1) . The aim of early management of this disease is to prevent cardiovascular complications of GCA, such as cerebral infarction (CI), acute myocardial infarction (AMI) and visual loss, which are often present at or shortly after the diagnosis (1) (2) (3) (4) . The results of a TAB are negative in some GCA patients, but if a typical clinical picture and response to steroids are apparent, the patient should be treated as having biopsy-proven GCA. However, if clinical suspicion remains low in the case of a negative TAB result, physicians must search for an alternative di-agnosis and rapidly taper the steroid dose. As the premise of this strategy, the sensitivity of a TAB ideally should be high enough that a negative result could sufficiently lower the possibility of GCA.
The sensitivity of a TAB is reported to range between 32% and 85% (4) (5) (6) (7) (8) (9) (10) (11) . These values may be influenced by the length of the artery biopsy or preceding use of glucocorticosteroids (7, 12) ; these values are largely related to the experience of the surgeon or pathologist in performing a TAB. However, the number of Japanese institutions with adequate experience in performing a TAB may be limited, as relatively few studies have investigated this disease (13) (14) (15) . Furthermore, the diagnostic performance of a TAB has not been evaluated appropriately in Japan.
Therefore, in the present study, we investigated for the first time the sensitivity and specificity of a TAB in Japan, where GCA is uncommon. We also investigated whether or not clinical parameters, particularly the TAB findings, predicted the diagnosis of GCA and whether or not a diagnostic delay had any influence on cardiovascular complications of GCA.
Materials and Methods

Patients
We screened consecutive patients who visited our hospital between April 2009 and October 2018 and received a TAB. The inclusion criteria for the GCA group were 1) new-onset cases with a clinical diagnosis of GCA and 2) no change in the diagnosis of GCA until the final observation. All of the cases that did not meet these criteria were defined as the non-GCA group.
Data extraction
A retrospective chart review was performed in both groups. The following clinical parameters were extracted: final diagnosis; indication for a TAB; duration from the onset to referral, referral to the TAB, TAB to therapy and TAB to reporting of results; length of the biopsied artery (in millimeters); presence of headache, a fever (body temperature > 37 ), malaise, weight loss, polymyalgia rheumatica (PMR), visual disturbance, vertigo/dizziness, jaw claudication, arm claudication, cough, dyspnea, dilatation of the temporal artery (TA), tenderness of the TA, decreased pulse of the TA, tenderness or decreased pulse of the TA, any abnormality of the TA, leukocytosis (white blood cell count >8,000/μL), anemia (hemoglobin <13 g/dL for men, <12 g/dL for women), thrombocytosis (platelet >450,000/μL) and high Creactive protein (CRP) level (! 10 mg/dL), high erythrocyte sedimentation rate (ESR ! 50 mm/h); and meeting ! 3 of the 1990 American College of Rheumatology (ACR) classification criteria (16) . Pathological parameters included three standard findings, predetermined according to the pathological description of the 1990 ACR criteria as follows: Standard A, vasculitis characterized by a predominance of mononuclear cell infiltration (in practical terms, meeting the pathological criterion of the 1990 ACR criteria); Standard B, vasculitis with granulomatous inflammation; and Standard C, vasculitis with multinucleated giant cells (Standards B and C, which are also part of the ACR criteria, are more specific but not necessary for the diagnosis). In principle, these standards were extracted from the formal pathological report, and for missing data, we consulted one of the authors (K.I.), who once again judged each pathological finding from the specimens. Granulomatous inflammation was regarded as aggregations of several histiocytes, with or without multinucleated giant cells.
Statistical analyses
First, we calculated the sensitivity and specificity of the pathological standards (Standards A, B, and C), based on the findings from the initial unilateral TAB, as our primary outcome. We then analyzed those clinical parameters predicting the diagnosis of GCA, all of which were categorical variables. These parameters were compared between the GCA and non-GCA groups using Fisher's exact test, based on evaluable cases. If a significant difference was detected between the groups, the parameters were again judged with missing data assumed to be unlikely to produce a significance difference. We then investigated the timing of glucocorticoid therapy and its impact on the TAB result, based on case descriptions. Finally, to determine whether or not a diagnostic delay contributed to cardiovascular complications of GCA, we analyzed the association of a diagnostic delay, defined as ! 3 months between the onset and initiation of therapy, with cardiovascular complications of GCA that developed after therapy, using Fisher's exact test.
The threshold for statistical significance was set at p < 0.05. All analyses were conducted using the EZR software program (17) . This study was approved by the institutional review boards of our hospital.
Results
A total of 29 patients received a TAB, including 16 who met the inclusion criteria for the GCA group and 13 who met the criterion for the non-GCA group. There were no GCA cases who did not receive a TAB, as we considered any clinical suspicion of GCA as the indication of the biopsy. None of non-GCA group developed GCA during the follow-up period. Patient characteristics of the groups are shown in Table 1 . As soon as possible after our clinical examination, each case was referred to the surgeons handling the TAB, who scheduled operations. Twenty-five of the 29 cases underwent a TAB in the Department of Plastic Surgery at our hospital, although the early cases (Cases 1-3, 17) underwent a TAB in another department or institution.
The median duration between the onset and referral for the GCA and non-GCA groups was 1.85 months [interquartile range (IQR), 0.52-3.7] and 0.67 months (0.53-1.0), respectively. The median duration between the referral and the nonarteritic anterior ischemic optic neuropathy, RPE: rheumatoid pleural effusion, IAAA: inflammatory abdominal aortic aneurysm, TAK: Takayasu arteritis, ALA: AL amyloidosis, H: headache, NP: neck pain, AMI: acute myocardial infarction, CI: cerebral infarction †Two cases with PMR improved after low-dose prednisolone (15 mg/day). ‡This patient with rheumatoid arthritis suffering from fever and visual loss also developed aseptic pleuritis, which was successfully treated with moderate-dose prednisolone (20 mg/day). † †This case involved persistent fever after endovascular aneurysm repair for impending rupture of abdominal aortic aneurysm, which improved with moderate-dose prednisolone (20 mg/day) for a clinical diagnosis of IAAA.
TAB for the GCA and non-GCA groups was 7.5 days (IQR, 6-11) and 6 days (5-7), respectively. For the GCA group, the median duration between the TAB and initiation of therapy was 1 day (IQR, 0.75-2 days), while that between the TAB and reporting of results was 6 days (IQR, 5.75-6.25 days). The mean (±standard deviation) length of the biopsied artery in the 8 evaluable cases for both groups was 20.0 ±6.8 mm.
Clinical characteristics of patients in the GCA and non-GCA groups
In the GCA group, a TAB was indicated for headache (n= 12), fever of unknown origin (FUO) (n=1), anemia of chronic inflammation (n=1), posterior neck pain (n=1) and appetite loss (n=1). Typical TAB findings with granulomatous inflammation and multinucleated giant cells invading the internal elastic lamina (Case 4) are shown in Fig. 1A . Large-vessel involvement was found in 9 (60%) of 15 evaluable cases in the GCA group, compared with 1 (7.7%) of 13 in the non-GCA group, while only 1 case with inflammatory abdominal aortic aneurysm (Case 27) in both groups had an aortic aneurysm.
In the non-GCA group, a TAB was indicated for headache (n=9), FUO (2), PMR (1) and loss of vision (1) . Even in the non-GCA group, a TAB directly contributed to a different diagnosis in two cases: one case (Case 23) with a fever, polyarthritis and a tender TA was considered to have polyarteritis nodosa (PAN) based on TAB results showing arteritis of all layers with fibrinoid necrosis, which was more consistent with a diagnosis of PAN than that of GCA (18, 19) . The other case (Case 29) with renal failure and a tender and swollen TA was diagnosed with amyloid light-chain (AL) amyloidosis based on the presence of amyloid deposition in the arterial wall on a TAB in addition to the findings of a bone marrow examination.
Importantly, negative results from a TAB indirectly contributed to a different diagnosis in 4 cases: PMR (n=2), nonarteritic anterior ischemic optic neuropathy (n=1) and Takayasu arteritis (TAK) (n=1). In two cases of FUO, the symptoms eventually subsided after the TAB.
Sensitivity and specificity of a TAB for the diagnosis of GCA When using the pathological Standard A (i.e., vasculitis characterized by predominant mononuclear cell infiltration or meeting the pathological criterion of the 1990 ACR criteria), three false-negative case (Case 2, 6 and 16) and two false-positive cases (Cases 23 and 26) were identified. In one false-negative case (Case 2), a contralateral TAB showed vasculitis with granulomatous inflammation and giant cells after a negative result on the initial TAB. In the remaining two false-negative cases (Case 6 and 16), large vessel vasculitis on contrast-enhanced CT suggested a diagnosis of GCA. In one false-positive case with PAN (Case 23), a TAB showed mononuclear cell infiltration without granulomatous inflammation or giant cells. The other false-positive case (Case 26) presented with a persistent fever, bilateral thigh pain and tender and enlarged TA. A TAB showed mild vasculitis with mononuclear cell infiltration in the vessel wall (Fig. 1B) , but the symptoms improved five days later without the need for steroid therapy. Accordingly, the patient was considered as having had an unexplained fever but no clinically significant disease. The sensitivity and specificity for Standard A of a TAB were therefore calculated as 81% (13/16) and 85% (11/13), respectively.
For Standard B, an additional case of GCA (Case 14) in which a TAB showed mononuclear inflammation without granulomatous inflammation or giant cells was considered as showing a false-negative result (Fig. 1C) . Accordingly, the sensitivity of Standard B of a TAB was 75% (12/16), whereas the specificity was 100% (13/13) because none of the non-GCA group had granulomatous inflammation in their TAB specimens. Similarly, the sensitivity and specificity of Standard C were also 75% (12/16) and 100% (13/13), respectively.
Clinical parameters predicting the diagnosis of GCA
Among the clinical parameters (Table 2) , the large vessel vasculitis (LVV) on contrast-enhanced computed tomography (CECT) and weight loss was significantly more frequent in the GCA group than in the non-GCA group; however, neither of these differences reached significance after the assumption of missing data. A high CRP level of ! 10 mg/dL was frequently found in the non-GCA group. As is obvious, each pathological standard of a TAB (Standards A-C) more strongly predicted the diagnosis of GCA than any other parameters (p<0.001 for Standard A; p<0.0001 for both Standards B and C). In contrast, meeting the 1990 ACR criteria (! 3 items) did not significantly contribute to the diagnosis of GCA (88% vs. 69% in the GCA and non-GCA groups, respectively).
Timing of glucocorticosteroid therapy and its impact on the TAB findings
Glucocorticoid therapy for GCA was initiated prior to a TAB in 4 of 16 GCA cases (Fig. 2, Table 1 ). In 1 of these patients (Case 1), therapy with prednisolone (0.8 mg/kg/day) was initiated 11 days prior to the TAB, which nonetheless revealed granulomatous inflammation with multinucleated giant cells (Fig. 1D) . Another positive result on a TAB was seen in a case (Case 11) who had taken low-dose prednisolone (10 mg/day) for PMR for 7 weeks before the referral. The TAB showed granulomatous arteritis with giant cells, although the degree of inflammation was not as intense as in other GCA cases with steroid-naïve TAB findings. In the remaining 2 cases (Case 6 and 16), prednisolone at 0.5 mg/kg/ day and 1.0 mg/day was initiated 6 and 2 days before TABs, respectively, with normal pathological findings noted in both. These two cases also had normal temporal arteries on a physical examination and LVV on contrast-enhanced CT: one without cranial symptoms was considered to have large- criterion of a TAB according to the 1990 ACR criteria) , respectively. For the non-GCA group, glucocorticoid therapy was started in seven cases. *cardiovascular complication, †polymyalgia rheumatica, **aplastic large cell lymphoma; ‡rheumatoid pleural effusion; † †inflammatory abdominal aortic aneurysm. GCA: giant cell arteritis, TAB: temporal artery biopsy vessel GCA, while another presenting with vertebrobasilar infarction, typical of GCA (3), was regarded as having cranial GCA without temporal arteritis.
In contrast, 1 of 13 cases in the non-GCA group started therapy prior to a TAB. That case (Case 28) presented with neck pain, headache and a fever and showed large-vessel vasculitis on contrast-enhanced CT. Under a provisional diagnosis of either TAK or GCA, prednisolone (1 mg/kg/day) was initiated at the timing of the referral. A TAB performed six days after starting therapy showed normal findings. The patient was eventually considered to have TAK because of carotidynia and tender carotid arteries, both of which are characteristic of TAK (20) .
Association of a diagnostic delay with the development of cardiovascular complications of GCA
Cardiovascular complications of GCA, AMI or CI developed in three cases, but visual loss was not seen in any patients. The first patient (Case 2) had noticed temporal headache 7.5 months before the referral. High-dose prednisolone (1 mg/kg/day) was started 22 days after the referral. Subsequently, the patient developed AMI 30 days after the initiation of therapy. The second patient (Case 4) suffered from cough and headache for 4 months, and high-dose prednisolone (0.8 mg/kg/day) was initiated 14 days after the referral. Five days after starting therapy, the patient developed Wallenberg syndrome. The third patient (Case 16) initially presented with infarction of the bilateral cerebellum and right occipital lobe five months before the referral. Following the onset of the CI, he was found to have jaw claudication and malaise with an unexplained elevation in his CRP levels. Fortunately, all of these cases recovered without irreversible sequelae.
When analyzing the impact of a diagnostic delay on cardiovascular complications of GCA, we excluded the third patient with a diagnostic delay of five months because his initial symptom was CI. Cardiovascular complications developed in 2 of the 4 GCA patients with a diagnostic delay of ! 3 months compared with 0 of the 11 patients without such a long delay; this difference was nearly, but not actually, significant (p=0.0571).
Discussion
This study is the first to describe the diagnostic performance of a TAB for the diagnosis of GCA in Japan. We considered our cohort to be a good sample for calculating the sensitivity of a TAB because all of our cases with GCA underwent a TAB, which eliminates potential selection bias. The sensitivity and specificity were calculated based on consecutive patients who underwent a TAB. Three pathological standards for TAB findings were applied: Standard A, vasculitis characterized by a predominance of mononuclear cell infiltration, which is practically identical to the pathological criterion of the 1990 ACR criteria; Standard B, vasculitis with granulomatous inflammation; and Standard C, vasculitis with multinucleated giant cells. The sensitivity and specificity for Standard A (or the pathological criterion of the ACR criteria) were 81% and 85%, respectively, compared to 75% and 100%, respectively, for the stricter Standards B and C. Each of these appeared clinically useful, as clinically differentiating false-positive cases from true-positive cases with GCA was not difficult. However, given that other types of vasculitis or clinically irrelevant arterial inflammation can mimic the modest histological findings of GCA (mononuclear cell infiltration), vasculitis with granulomatous inflammation or with giant cells may thus be an important finding for classifying untreated GCA cases. Unsurprisingly, these standards significantly predicted the diagnosis, with no other parameters-including the ACR criteria-found to be useful.
The high sensitivities of 81% and 75% for a TAB in this study may have been associated with the low rate of steroid use prior to the TAB. In a retrospective cohort of 70 GCA patients investigated by Narváez et al., the sensitivity of a TAB decreased with the preceding use of glucocorticoids, being 78% for 1-14 days of steroid use, 65% for 15-28 days and 40% for >28 days (21) . Another pathological analysis of 35 steroid-treated patients showed that giant cells were found in 53% of patients with <6 days of steroid therapy, 36% of those with 4-11 days of therapy and 22% of those with >14 days of therapy (12) . Importantly, all 9 cases treated for >14 days had inflammation limited to the mediaadventitia junction. This may suggest that experienced pathologists from institutions that achieved a high sensitivity with TABs were able to detect limited inflammation in TAB samples even after steroid therapy. In two of our four cases in which glucocorticoid therapy preceded the TABs, the specimens showed typical findings of GCA, although inflammation was mild in one. For the remaining two cases, we did not consider glucocorticoid therapy of <7 days' duration to have significantly influenced the pathological findings, as neither of the arterial specimens of these cases showed any inflammation.
Another extremely important finding was that cardiovascular events developed in 19% (3/16) of our GCA cohort, and a diagnostic delay of ! 3 months tended to cause such complications. Two cases with cardiovascular complications that developed shortly after starting therapy had a prolonged duration between the onset and referral of 4-7.5 months, and it took a further 14-22 days before therapy was started; the complications in these cases may have been able to be prevented if we had initiated steroid therapy promptly after the referral. Considering the short median duration between the referral and the TAB in the GCA group [7.5 days (IQR, 6-11)], even if we had started glucocorticoid therapy immediately at the initial evaluation, the sensitivity of the TAB would not have been decreased markedly by such short-term therapy, as reported in the abovementioned study (21) . Immediate steroid therapy in patients with a high index of suspicion for GCA may therefore be acceptable in institutions with a high TAB sensitivity, even in Japan.
Unexpectedly, a TAB contributed to the diagnosis directly or indirectly in nearly half (6/13) of non-GCA cases. Thus, negative TAB results for GCA in our institution may not only reduce the possibility of GCA but also suggest alternative diagnoses. In addition, the pretest probability of GCA of 55% (16/29) among our cohort may be relatively low for Japan, meaning that the indication of a TAB may be limited to cases with a very high suspicion of GCA in Japan. However, large-scale studies in other countries have provided similar or even lower pretest probabilities of 51% (156/305) to 40% (54/134) (7, 5) . Attempting to screen almost all GCA patients among all individuals clinically suspected of having GCA may be difficult without some TABs eventually proving to be unnecessary. We therefore believe that the pretest probability of around 50% in these studies may be reasonable to avoid overlooking this disease, which is associated with serious complications.
Given the retrospective nature of our study and the small sample size, our results are at risk of potential bias. Furthermore, the length of the biopsied artery is considered to have a marked influence on the sensitivity of TABs, but these data were often unavailable in our study. However, our results were based on the pathological findings of consecutive cases seen during a nine-year period in a hospital in Japan, a region where GCA is uncommon.
In conclusion, our study showed that the sensitivity and specificity of a TAB were sufficiently high to allow for early management of GCA in Japan. The sensitivity of a TAB was found to be 81% for vasculitis characterized by mononuclear cell infiltration, 75% for vasculitis with granulomatous inflammation and 75% for vasculitis with multinucleated giant cells, with specificities of 85%, 100% and 100%, respectively. These TAB findings were the only predictors for the diagnosis of GCA. Given the favorable diagnostic performance of TABs in this study as well as the potential adverse influence of diagnostic delay on cardiovascular complications, we concluded that steroid therapy prior to a TAB for patients with clinically suspected GCA would be reasonable in order to prevent potentially irreversible complications of the disease, even in Japan, as is recommended in Western countries.
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